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ABSTRACT
We present the discovery of a 70 kpc X-ray tail behind the small late-type galaxy ESO 137-001 in the
nearby, hot (T=6.5 keV) merging cluster A3627, from both Chandra and XMM-Newton observations.
The tail has a length-to-width ratio of ∼ 10. It is luminous (L0.5−2keV ∼ 10
41 ergs s−1), with a temper-
ature of ∼ 0.7 keV and an X-ray Mgas of ∼ 10
9 M⊙ (∼ 10% of the galaxy’s stellar mass). We interpret
this tail as the stripped interstellar medium of ESO 137-001 mixed with the hot cluster medium, when
this blue galaxy is being converted into a gas-poor galaxy. Three X-ray point sources are detected in
the axis of the tail, which may imply active star formation in the tail. The straightness and narrowness
of the tail also implies that the ICM turbulence is not strong on scales of 20 - 70 kpc.
Subject headings: galaxies: clusters: general — galaxies: clusters: individual (A3627) — X-rays:
galaxies — galaxies: individual (ESO 137-001)
1. introduction
The intracluster medium (ICM) has long been proposed
to play a vital role in shaping the properties of cluster
galaxies, especially through stripping cold galactic mate-
rial. Ram-pressure stripping is likely an important fac-
tor for galaxy transformation in rich environments (e.g.,
Gunn & Gott 1972; Quilis, Moore & Bower 2000). Radio
observations have long revealed an HI deficiency in clus-
ter galaxies, which indicates stripping (e.g., Giovanelli &
Haynes 1985). In X-rays, the stripped tails of late-type
galaxies only began to be revealed by Chandra and XMM-
Newton data (Wang et al. 2004; Sun & Vikhlinin 2005,
SV05 hereafter; Machacek et al. 2005). Recently we car-
ried out a systematic analysis of the X-ray thermal coro-
nae of ∼ 200 galaxies in 25 nearby (z < 0.05) hot (kT >
3 keV) clusters (Sun et al. in prep.). During our analy-
sis, we found an X-ray tail in A3627, which is apparently
associated with the late-type galaxy ESO 137-001. The
narrowness and length of the tail makes it the most dra-
matic X-ray stripped tail of a galaxy to date.
A3627 is a nearby massive galaxy cluster in the core of
the Great Attractor. Kraan-Korteweg et al. (1996) found,
in a deep imaging and spectroscopic survey for galaxies
behind the Milky Way, that A3627 (at a Galactic latitude
of -7.2◦) is an extremely rich cluster rivaling Coma and
Perseus in mass and galactic content. A major cluster
merger is implied by the earlier X-ray observations from
ROSAT and ASCA that reveal a southeast - northwest
cluster elongation (Fig. 1a) and a temperature gradient (5
- 8 keV) along the same direction (Bo¨hringer et al. 1996;
Tamura et al. 1998).
The radial velocity of ESO 137-001 is 4630 ± 58
km s−1, almost the same as A3627’s, 4707 km s−1
(NASA/IPAC Extragalactic Database - NED). In this pa-
per, we adopt the cluster redshift to calculate the dis-
tance of ESO 137-001. Assuming H0=70 km s
−1 Mpc−1,
ΩM=0.3, and ΩΛ=0.7, the luminosity distance is 68.2 Mpc,
and 1′′=0.321 kpc. Uncertainties quoted in this paper are
1 σ.
2. Chandra and XMM-Newton data
The tailed X-ray source lies in a 15 ks Chandra obser-
vation of A3627 (ObsID 4956), performed with the Ad-
vanced CCD Imaging Spectrometer (ACIS) on June 14 -
15, 2004. No background flares were detected. Standard
data analysis has been performed. The calibration files
used correspond to Chandra Calibration Database 3.1.0.
The source is also contained within an 18 ks XMM-
Newton observation on August 12, 2004. The data have
been reduced with the Science Analysis Software 6.5.0.
After removing large background flares, clean exposures
of 17.8 ks, 18.0 ks and 12.1 ks remain for 3 CCD cameras
MOS1, MOS2 and PN respectively.
3. the tailed x-ray source
The XMM-Newton photon image and adaptively
smoothed Chandra images are shown in Fig. 1b, c and
d, which clearly show a long narrow tail. The tail is only
visible in the soft X-ray images. Its brighter southeast
end is on the cluster galaxy ESO 137-001 (Fig. 1c). There
are no other galaxies as bright as ESO 137-001 in the B
band within 7′ of ESO 137-001 in the direction of the tail.
Thus, we conclude the X-ray extended source is physically
associated with ESO 137-001.
ESO 137-001 is in a crowded field with many Galactic
stars. The galaxy is bright in the optical B band, but
faint in the 2MASS Ks band. The B band luminosity is
2.3-4.0×1010 LB⊙ from NED and HyperLeda, depending
on the correction for internal extinction. The Ks band
luminosity is 1.4×1010 LK⊙. Assuming a Ks band mass-
to-light ratio of 0.73 M⊙/L⊙ (Cole et al. 2001), the total
stellar mass of ESO 137-001 is only 1.1×1010 M⊙, which
makes it ∼ 5 times less massive than a L∗ galaxy. The B-
Ks color of ESO 137-001 is 1.0-1.6, much smaller than the
B-Ks color of a typical early-type or late-type galaxy (3.7-
4.0 or∼ 3, Jarrett 2000). Thus, ESO 137-001 is a very blue
galaxy. Spectroscopic studies (Woudt, Kraan-Korteweg &
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Fairall 1999; Woudt et al. 2004) revealed emission lines
of Hα, Hβ, [OIII] 5007 and [NII] 6584 in the spectrum of
ESO 137-001. Thus, we conclude that ESO 137-001 is a
late-type galaxy with active star formation.
3.1. The X-ray diffuse emission
To better quantify the properties of the tail, we mea-
sured Chandra surface brightness profiles along and across
it (Fig. 1e and f). The surface brightness has been cor-
rected for background (from the blank sky background)
and exposure. There is a sharp edge at its southeast end
with a brightness jump of a factor of ∼ 3. The tail is
detected to 3.7′ (or 71 kpc) northwest of ESO 137-001.
The width of the tail is <∼ 25
′′ (or 8 kpc). If we fit the
profile across the tail with a Gaussian plus the local back-
ground, the derived Full Width Half Maximum (FWHM)
is only 15.2+2.3
−2.1
′′. Thus, this feature is very narrow with a
length-to-width ratio of ∼ 10.
Integrated Chandra and XMM-Newton spectra of the
source were extracted from a box region centered on the
source (3.7′ × 30′′ for Chandra and 4.1′ × 50′′ for XMM ).
We were forced to use a larger extraction region for XMM
as the width of the tail is comparable to the Half Power
Diameter of the XMM mirror (15′′). Background was
taken from surrounding regions, a 4.5′ × 2′ box for Chan-
dra and 5′ × 2.5′ box for XMM , excluding the source re-
gion. Within the source region, 230±24 (point sources
excluded), 967±95 and 872±103 net counts in the 0.5 -
2 keV band are collected from the ACIS, PN and MOS
instruments respectively. The current data do not allow
us to constrain the absorption. As the spectra are well
fitted with Galactic absorption at low energies, we fixed
the absorption at the Galactic value, 2×1021 cm−2. The
solar photospheric abundance table by Anders & Grevesse
(1989) is adopted. A lower energy cut of 0.5 keV is used
to minimize the calibration uncertainties at low energies.
The upper energy cut is 7 keV. Each spectrum is fitted
to the MEKAL model. The abundance is very low but
the gas temperature is not sensitive to abundance (e.g.,
T=0.66±0.06 if Z=1 solar). All spectra showed evidence
for a hard X-ray excess so a power law component was
included. Inclusion of the hard component lowers the gas
temperature by 10% - 20%, but greatly improves the fit.
The nature of this hard X-ray component is unclear. The
expected unresolved AGN contribution is small. There
may be some residual emission from the hot ICM, either
mixed in the tail or due to the uncertain normalization of
the background. Emission of unresolved X-ray binaries in
the tail (see §3.2) is another possibility. Regardless of the
model used for the hard component, hot ICM (MEKAL),
X-ray binaries, or AGN (power law), the results for gas
properties are almost the same. The Chandra and XMM
results are consistent so we fit them simultaneously. The
gas temperature is ∼ 0.7 keV (Table 1). We also derived
temperatures in two regions, Head and Trail, defined in
Fig. 1f. The Trail is only marginally hotter (1 σ) than the
Head. There are some discrepancies between the derived
Chandra and XMM luminosities, at the level of 20% - 33%,
which may be due to uncertainties on the background nor-
malization (especially for XMM , where the background is
higher).
The X-ray gas mass in the tail is estimated by assum-
ing a 25′′ × 25′′ × 1.1′ cylinder for the Head and a 2.6′
long cylinder for the Trail with constant density. From
the normalization derived from the MEKAL fits, the aver-
age electron densities in the Head and the Trail are 1.8-3.5
×10−2 f−1/2 cm−3 and 0.7-1.7 ×10−2 f−1/2 cm−3 respec-
tively, while the X-ray gas mass is 0.7-1.3 ×109 f1/2 M⊙
and 0.6-1.5 ×109 f1/2 M⊙ respectively, where f is the filling
factor of the X-ray gas. If the abundance in Head is 0.3
solar (the value in the Trail within 1 σ), the average elec-
tron density and the X-ray gas mass of the Head drop by
40%. The filling factor may be large if the observed tail is
really due to mixing of cold clouds and hot ICM (see §4).
Since the galaxy and cluster radial velocity are nearly the
same, the projected length of the tail may be comparable
to the actual length. Thus, the total X-ray gas mass is on
the order of 109 M⊙.
The temperature of the surrounding ICM (a 3′×6′ box,
excluding the tailed source) is also measured. Since A3627
is behind the Galactic plane, the Galactic soft X-ray fore-
ground is strong. This is proved from the 3 - 5 times higher
than nominal flux in the R4-R5 band of the RASS image
at the position of A3627. As there is no local background
available, we used the blank-sky background and added
a 0.2 keV MEKAL component (unabsorbed) to mimic the
soft X-ray excess. The derived ICM temperature is 6.3+1.1
−0.7
keV (Table 1). The error from the uncertainty on the tem-
perature of the soft excess is included, as we allow it to
vary from 0.1 to 0.4 keV (Markevitch et al. 2003). The
ICM electron density from the ROSAT data (Bo¨hringer et
al. 1996) is ∼ 1.4×10−3 cm−3 at the projected position of
ESO 137-001. Within uncertainties, the thermal pressure
is the same inside and outside the tail, especially if the
abundance is not that low.
3.2. X-ray point sources in the tail
There are three Chandra point sources right on the axis
of the tail (P1 - P3 in Fig. 1), with a total of 73 counts in
the 0.5 - 10 keV band. Their combined spectrum is hard
(Table. 1). Within 3′ of ESO 137-001, only an additional,
fainter point source is detected. The possibility of hav-
ing three background AGN aligned in the narrow tail for
this shallow observation is ∼ 0.03%, based on the AGN
number density derived from three Chandra pointings of
A3627. If P1-P3 are located in the tail, L2−10keV = 2.7
×1040 ergs s−1 (the total), which is similar to the total LX
of three ULXs in UGC 6697 (SV05). Since the ICM pres-
sure cannot move stars, the most likely scenario is that
there is active massive star formation in the tail, as the
stripped clouds, away from their main heating source (the
stellar UV radiation), can cool. Hα imaging and HI data
are required to test this hypothesis.
4. discussion
The X-ray tail of ESO 137-001 is unique. Our system-
atic study covers a sky area of 3.1 deg2 in 25 nearby hot
clusters, but only UGC 6697 in A1367 has a similar tail
as ESO 137-001. However, UGC 6697 is 8 times more
luminous than ESO 137-001 in the Ks band and its tail
does not extend significantly outside of the galaxy (SV05).
Even the stripped X-ray tails known in cool clusters and
groups (e.g., Machacek et al. 2005) are not as dramatic as
the tail of ESO 137-001. The X-ray tail of ESO 137-001
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is only the third known X-ray tail of a late-type galaxy in
hot clusters (after Wang et al. 2004 and SV05). While its
proximity enables further detailed studies, the tail length
and the X-ray point sources in the tail provide additional
insights.
Long and narrow X-ray tails have been seen in the sim-
ulation by Stevens, Acreman & Ponman (1999), when the
stripping happens gradually and gas is replenished in the
galaxy. Similar HI tails also were shown in other simula-
tions (e.g., Quilis et al. 2000; Vollmer et al. 2001). Two
75 kpc Hα trails have been detected behind two small late-
type galaxies in A1367 (Gavazzi et al. 2001), but no X-ray
tails are seen in the XMM data. A 110 kpc but tilted HI
tail was observed from NGC 4388 in Virgo (Oosterloo &
van Gorkom 2005). The tail of ESO 137-001 cannot be
the accretion wake of ESO 137-001, as the galaxy is too
small and the ICM is too hot. The ESO 137-001 tail can
either be the stripped X-ray gas of ESO 137-001, or the
cold material of ESO 137-001 (e.g., HI gas) mixed with hot
ICM. The first scenario requires that the stripped tenuous
X-ray gas survives all kinds of instabilities and yet remains
distinct from the surrounding ICM for ∼ 108 yr, which is
about the time needed for ESO 137-001 to travel from the
end of the tail to its current position (71 kpc in projection)
with a velocity of 1000 km s−1 (the cluster radial velocity
dispersion is 897 km s−1). Mixing of cold ISM with hot
ICM is preferred, as it is expected after stripping of cold
ISM. The average temperature after mixing (∼ 0.7 keV)
is: (MICMTICM+MISMTISM)/(MICM+MISM), which gives
MISM / MICM ∼ 8 for TICM=6.3 keV. Thus, the cold ISM
dominates the mass but resides in a much smaller volume
than the hot ICM before the mixing, if pressure equilib-
rium is assumed. The evaporation rate of the X-ray tail
by the hot ICM is unconstrained within the uncertainties,
especially if the mixing is still replenishing the ∼ 0.7 keV
X-ray tail.
As ESO 137-001 is not a massive galaxy, it should not be
hard to remove its gas. According to the approximate cri-
terion for ram pressure stripping by Gunn & Gott (1972),
at a velocity of∼ 800 km s−1, ISM with a density of 1 cm−3
can be removed, if nICM = 10
−3 cm−3. From the approx-
imation by Mori & Burkert (2000), the stripping process
may take >∼ 10
8 yr, if the ISM density is > 1 cm−3. Thus,
the timescale is long enough to explain the length of the ob-
served tail, and short enough to explain the rarity of such
long X-ray tails in late-type galaxies. As there may still
be un-mixed cold gas in the tail and galaxy, ESO 137-001
must have been a very gas-rich galaxy, with a gas fraction
of >∼ 0.1. The star formation rate in ESO 137-001 should
be high from its very blue color and emission-line spec-
trum. Therefore, ESO 137-001 resembles blue dwarf galax-
ies in z∼0.4 clusters that are responsible for the Butcher
& Oemler effect (Butcher & Oemler 1978). As there are
no other bright cluster galaxies within 7′ in the tail direc-
tion, the star formation in ESO 137-001 is likely triggered
by the ICM pressure (e.g., Vollmer et al. 2001; SV05).
Thus, ESO 137-001, in its first passage through the clus-
ter core, is being converted into a gas-poor galaxy (likely
an E+A galaxy) after a possible initial starburst, all by
the interaction with the dense ICM.
Tails like that of ESO 137-001 may provide constraints
on the turbulent velocity field in clusters. The ICM has
long been suspected to be turbulent, although evidence is
sparse. Turbulence eddies on scales of 20 - 90 kpc have
been reported in the Coma cluster by Schuecker et al.
(2004), who concluded that > 10% of total ICM pressure
is in turbulent form. Dolag et al. (2005) used a novel ap-
proach to treat the ICM viscosity and found that turbulent
energy is up to 8% of the thermal energy (on a scale of 70
kpc). If we assume that 15% of the ICM pressure is tur-
bulent around ESO 137-001, the ICM velocity dispersion
is ∼ 435 km s−1. Each part of the tail is subject to tur-
bulent pressure in random directions, which is 2rρICMv
2
tur
per unit length, where r is the radius of the tail cylinder
(∼ 4 kpc) and vtur is the turbulent velocity. This pressure
induces an acceleration a=2ρICMv
2
tur/pirρtail at random di-
rections for different parts of the tail. An eddy on scale of
R lasts for a time of ∼ R/vtur, which is >∼ 10
8 yr for R
> 20 kpc. This implies that large eddies last longer than
the current age of the tail. The displacement of a part
of the tail, over a time interval of t is then: at2/2. The
tail is straight and narrow from the end to the head so we
set an upper limit of 10′′ on the displacement. Assuming
thermal pressure equilibrium between the ICM and the
X-ray tail (or ρtail/ρICM=9 from the temperature ratio),
we have vtur < 380 km s
−1 (t/0.05 Gyr)−1 on scales from
20 kpc to the length of the tail (or 70 kpc). This upper
limit is still consistent with the lower limit from Schuecker
et al., especially if ESO 137-001 moves very fast. Turbu-
lence can also be generated as the gas-rich ESO 137-001
moves through the ICM. However, the Reynold number is
∼ 3M(L/λi), whereM is the Mach number, L is the size
of the galaxy and λi is the mean free path of ions in the
ICM. For unmagnetized gas, λi ∼ 10 kpc ∼ L. Thus, unless
magnetic field has reduced λi by > 10 times, the motion
of ESO 137-001 cannot drive turbulence in the trail.
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Table 1
Regiona Instrument Modelb Parametersc Ld0.5−2keV (gas) L
d
0.5−2keV (hard)
Total Chandra / XMM MEKAL+PL T=0.69±0.08 keV, Z=0.05
+0.05
−0.02
solar 8.6 (ACIS), 12 (PN), 10 (MOS) 1.2 (ACIS), 5.7 (XMM)
Head Chandra / XMM MEKAL+PL T=0.64
+0.08
−0.22
keV, Z=0.04
+0.05
−0.03
solar 4.0 (ACIS), 5.5 (PN), 4.7 (MOS) 1.0 (ACIS), 2.1 (XMM)
Trail Chandra / XMM MEKAL+PL T=0.83
+0.13
−0.11
keV, Z=0.16
+0.16
−0.10
solar 4.4 (ACIS), 5.7 (PN), 5.4 (MOS) 0.7 (ACIS), 3.6 (XMM)
PSs Chandra PL Γ=1.6±0.4 - 1.3
ICM Chandra MEKAL T=6.3
+1.1
−0.7
keV, Z=0.1
+0.2
−0.1
solar - -
a See Fig. 1 for the definition of the Head and Trail regions. For Chandra analysis of diffuse emission, three point sources are excluded, while they are unresolved in the XMM
data. The Chandra spectra of these three point sources and the surrounding ICM region (§3.2) are also analyzed.
b There is hard excess in each spectrum of the tail, so a power law model (with a fixed photon index of 1.7) is included in the fits for the Total, Head, and Trail regions.
c Galactic absorption (2×1021 cm−2) is adopted for all spectral analysis. Cash statistic is used for all spectra except that of the ICM. Fits are all very good.
d The 0.5 - 2 keV luminosities (in units of 1040 ergs s−1) of the gas and the hard component
An X-ray tail in A3627 5
P1
P3
P2
Fig. 1.— a): ROSAT contours (red) for A3627 superposed on the DSS image (gray). The 843 MHz contours of two strong radio sources
in A3627 (blue) also are shown (from the Sydney University Molonglo Sky Survey). The cluster is in the Galactic plane so the foreground
star density is high. b): XMM 0.5 - 2 keV photon image (PN and MOS combined, 11.1′ × 11.1′) of the zoom-in region in a). A source with
a narrow-angle tail, pointing to a similar direction as the radio tailed source, is significant. c): the zoom-in of b) (3.7′ × 3.3′). Chandra 0.5 -
2 keV contours are superposed on DSS II image. The Chandra image (background-subtracted and exposure-corrected) has been adaptively
smoothed. The head of the X-ray tail is on the galaxy ESO 137-001. P3 is a point source. d): the zoom-in of c) (1.3′ × 1.3′). The X-ray
tail is shown by the red Chandra 0.5 - 2 keV contours on the DSS II image. The 2 - 6 keV contours of two point sources (P1 and P2) are
shown in blue. e): The Chandra 0.5 - 2 keV surface brightness profile across the tail (from southwest to northeast with a length of 3.7′). The
dashed line is a fit to the profile with a Gaussian and background. f): The Chandra 0.5 - 2 keV surface brightness profile along the direction
of the tail (from southeast to northwest with a width of 25′′). The dotted line is the fit to the local background, while the dashed line marks
the position where we separate Head and Trail regions in the spectral analysis. The nucleus of the galaxy is at R=115′′.
